An analytical method was developed for precise identification and quantitation of 10 pesticides in human blood. The pesticides studied, which have appeared frequently in actual cases, were endosulfan, lindane, parathion, ethyl-azinphos, diazinon, malathion, alachlor, tetradifon, fenthion and dicofol (o-p¢ and p-p¢ isomers). The current method replaces an earlier method which involved liquid-liquid extraction with a mixture of n-hexane-benzene (1 + 1). The extraction is performed by solid-phase extraction, with C 18 cartridges and 2 internal standards, perthane and triphenylphosphate. Eluates were analyzed by gas chromatography (GC) with nitrogen-phosphorus and electrochemical detectors. Results were confirmed by GC-mass spectrometry in the electron impact mode. Blood blank samples spiked with 2 standard mixtures and an internal standard were used for quantitation. Mean recoveries ranged from 71.83 to 97.10%. Detection and quantitation limits are reported for each pesticide. Examples are provided to show the application of the present method to actual samples. O ur laboratory handles forensic specimens and is frequently asked to perform pesticide analysis on various types of specimens. These specimens are extremely complex and require a laborious extraction method with several cleanup steps before to chromatographic analysis. In our area, most pesticide fatal poisonings are due to suicide attempts and accidental intoxication (1).
O ur laboratory handles forensic specimens and is frequently asked to perform pesticide analysis on various types of specimens. These specimens are extremely complex and require a laborious extraction method with several cleanup steps before to chromatographic analysis. In our area, most pesticide fatal poisonings are due to suicide attempts and accidental intoxication (1) .
Historically, a glass column packed with florisil has been the primary method for isolating and separating polar from nonpolar pesticides before to gas chromatography (GC) analysis. Column chromatography is a time consuming and laborious procedure (2) . Solid-phase extraction (SPE) has been applied to pesticide analysis and is very effective for cleaning, extracting, and concentrating pesticides. Currently, many SPE methods for extracting pollutants use octyl (C 8 ) or octadecyl (C 18 ) phases bonded to a silica support (3) (4) (5) . More recently, graphitized carbon black cartridges are being used extensively for extraction of environmental samples (6, 7) . This work attempted to replace the liquid-liquid extraction (LLE) followed by florisil column cleanup in the sample preparation procedure previously used (2) with an SPE method that was simpler and more efficient. With this new method, pesticides of interest can be isolated without extracting bulk substances, usually present in actual samples, which yield extraneous and interfering peaks in the chromatogram. The use of SPE has eliminated emissions of hazardous waste and reduced exposure of technicians to toxic organic solvents such as benzene (8) . The method was applied to actual determinations of pesticides. Examples of these cases are provided.
Experimental

Chemicals
Pesticide-grade solvents were obtained from E. Merck (Darmstadt, Germany). Pesticide standards (Pestanal® quality, 99% purity) were purchased from Riedel-de Haën (Seelze, Germany). Triphenylphophate (TPP) was obtained from Supelco (Bellefonte, PA). The 3 mL SPE columns packed with 500 mg reversed-phase octadecylsilane (C 18 ) bonded to silica gel (average particle diameter of solid phase of 40 µm, pore size of 60A) were supplied by J.T. Baker (Phillipsburg, NJ).
Pesticides were dissolved in 2 different stock solutions (pesticide mixtures 1 and 2); 50 mg of each pesticide was dissolved in methanol (0.5 mg/mL). Mixture 1 included pesticides analyzed by GC with nitrogen phosphorus detection (GC-NPD): malathion, diazinon, parathion, ethyl-azinphos, alachlor, and fenthion. Mixture 2 included pesticides analyzed by GC with electrochemical detection (GC-ECD): endosulfan, lindane, tetradifon, p-p′-dicofol, and o-p¢-dicofol.
These solutions were diluted to fortify blood samples at the required concentrations. Working standard mixtures were prepared by diluting each stock solution. Mixture 1 diluted concentration was 0.05 mg/mL malathion, parathion, diazinon, ethyl-azinphos, fenthion, and alachlor. Mixture 2 diluted concentration was 0.5 µg/mL endosulfan, lindane, tetradifon, and dicofol. All standard solutions were stored at 4°C in glass bottles with Teflon-lined screw caps. Internal standard stock solutions were also prepared in methanol: TPP (0.05 mg/mL) and perthane (10 µg/mL). TPP was used as internal standard for pesticides analyzed by GC-NPD and perthane for pesticides analyzed by GC-ECD.
Sample Extraction
A 100 µL aliquot of TPP, 0.05 mg/mL methanolic solution, and 100 µL perthane, 10 µg/mL methanolic solution were added to blood samples as internal standards before sample extraction.
A 4 mL aliquot of blood was mixed thoroughly with 4 mL methanol, vortexed for 2 min, and centrifuged at 1800 rpm for 10 min. The supernatant was recovered and extracted by passing through a C 18 SPE cartridge, previously conditioned with 3 mL n-hexane-diethylether (1 + 1), 3 mL methanol, and 6 mL deionized water. The cartridge was washed with 12 mL deionized water and dried under vacuum for 15 min; pesticides were then eluted by passing 1 mL n-hexane-diethylether (1 + 1) under atmospheric pressure at a flow rate of 5 mL/min. Eluates were collected and evaporated to dryness under a stream of nitrogen. All evaporated extracts were reconstituted in 0.1 mL methanol and analyzed by GC.
Chromatographic Analysis
GC-NPD.-A Perkin-Elmer (Beaconsfield, UK) gas chromatograph Model 8700 equipped with a split/splitless injector (working in splitless mode) and an NP detector was used. An HP-1 fused silica capillary column (10 m × 0.53 mm × 2.65 µm) coated with cross-linked methyl siloxane was used. The carrier gas was He at a flow rate of 15 mL/min. Injector and detector temperatures were 250 and 300°C, respectively. Initial oven temperature was 60°C, maintained for 2 min, increasing at 10°C/min to 250°C, and staying at this temperature for 8 min. Injection volume was 1 µL. Table 1 shows absolute and relative retention times to internal standard for pesticides in mixture 1.
GC-ECD.-A Hewlett-Packard (Palo Alto, CA) gas chromatograph Model 5890 equipped with a split/splitless injector (working in splitless mode) and a 63 Ni electron capture detector was used. A CPSil-19CB (Chrompack, Middelburg, The Netherlands) WCOT fused silica capillary column (25 m × 0.53 mm × 2.0 µm) coated with cross-linked 7% phenyl, 85% methyl, 7% cyanopropyl, and 1% vinylpolysiloxane was used. The carrier gas was hydrogen at a flow rate of 10 mL/min, and the make-up gas was nitrogen at 30 mL/min. Injector and detector temperatures were 250 and 300°C, respectively. Oven temperature was 80°C for 1-2 min, increasing at a rate of 25°C/min to 175°C, 2.5°C/min to 225°C, and finally 10°C/min to 300°C, holding for 10 min. Injection volume was 1 µL. Table 2 shows absolute and relative retention times to internal standard for pesticide mixture 2. 25 m) coated with methyl siloxane. Carrier gas was He at a rate of 1.7 mL/min. Split/splitless injector temperature was 280°C (working in splitless mode). MS source and MS quadrupole temperatures were 230 and 150°C, respectively. Initial oven temperature was 60°C, maintained for 3 min, increasing at 12°C/min to 290°C, staying at this temperature for 10 min. Injection volume was 1 µL.
GC-MS.-A
Recovery Experiments, Linearity, and Limits of Detection and Quantitation
The procedure described above for blood extraction was followed with unfortified specimens to show that no chromatographic peaks overlapped the pesticide of interest and internal standard peaks. Six blood blank samples were spiked with 100 µL TPP, 0.05 mg/mL methanolic solution, and 100 µL perthane, 10 µg/mL methanolic solution to check internal standard recoveries.
Six different sets (3 samples each) of blood specimens were spiked with 125, 100, 75, 50, 25, and 10 µL mixture 1 pesticide solution. To each sample, 100 µL TPP, 0.05 mg/mL methanolic solution as internal standard was added. The same experiment was carried out with mixture 2 pesticide solution; in this case 100 µL perthane, 10 µg/mL methanolic solution as internal standard was added. These samples were extracted and analyzed as previously described. Recovery results are shown in Table 3 .
Calibration curves in blood were constructed by plotting peak area vs pesticide concentration. Linear regression was applied to these pairs of data (values are means of 3 determinations), using the method of least squares. Limits of detection (LOD) and quantitation (LOQ) for each pesticide were also calculated from the calibration curve obtained from the recovery experiments described above. Formulas used were (9): Tables 4 and 5 show the calibration curve obtained for each pesticide and LOD and LOQ for each pesticide studied.
Application to Actual Cases
To determine method performance with unknown human samples, we analyzed human blood specimens of suspected pesticide intoxication. A common characteristic of these cases is that the pesticide involved in the intoxication is unknown. Therefore, a systematic analytical multiresidue procedure is required so that the higher number of compounds may be determined. Samples were extracted as described above. In a case of fenthion intoxication, a comparison is presented of chromatograms obtained, with the traditional method previously used (LLE with n-hexane-benzene [1 + 1] mixture, followed by florisil cleanup when necessary; 2), and those obtained with the proposed method (Figure 1) . Figure 2 compares the chromatograms obtained by the traditional method previously used (LLE with n-hexane-benzene [1 + 1] mixture, followed by florisil cleanup, when necessary; 2), and those obtained with the proposed method for lindane intoxication. Figure 3 shows the chromatograms obtained for a malathion poisoning case and an endosulfan intoxication.
Results and Discussion
We confirmed that no substances in unspiked samples produced chromatographic peaks that overlapped those of the pesticide of interest or those of the internal standards (Figure 4) . In Figure 4 , chromatogram A corresponds to NPD analysis and chromatogram B to ECD analysis. Pesticides studied were chosen because they are found frequently in the cases analyzed in our laboratory (1).
Recovery, Linearity, and Limits of Detection and Quantitation
Average recoveries (calculated as mean value of different fortification level recoveries) ranged from 71.83 to 97.10% (Table 3) , which are within the acceptable range established by the U.S. Environmental Protection Agency (EPA; 9). Data precision is acceptable on the basis of EPA guidelines, which regard coefficients of variation <10% as acceptable. Table 4 shows the slope, intercept of the curve, standard deviation of the slope and the intercept, standard error of the curve, and correlation coefficients (r) for each pesticide studied. The number of data is 6 for each compound.
The method produced linear curves for pesticide analysis in blood within ranges from 5 to 62.5 µg/L for pesticides analyzed by GC-NPD (alachlor, diazinon, malathion, parathion, fenthion, and ethyl-azinphos) and from 0.5 to 6.25 µg/L for pesticides analyzed by GC-ECD (endosulfan, dicofol, lindane, and tetradifon). Limits of detection and quantitation calculated (Table 5 ) are considered appropriate for the analysis of forensic specimens (5, 10).
Internal Standard Selection
TPP was chosen as internal standard for compounds that are detected by GC-NPD, following the proposal of EPA Method 507 and National Pesticide Survey Method 1 (11, 12) . All the nitrogen-containing compounds studied are recovered from this fraction. Perthane, an organochlorine pesticide no longer in use, was chosen as internal standard for compounds that are detected by GC-ECD (13) . Two sets of 6 blood samples were spiked with the same amount of internal standards that was added to actual samples (100 µL TPP, 0.05 mg/mL methanolic solution, and 100 µL perthane, 10 µg/mL methanolic solution) to check their respective recoveries. TPP recovery was 98.75 ± 1.23%, and perthane recovery was 97.23 ± 2.72%.
GC Analysis and GC-MS Confirmation
Extracts were analyzed by GC-NPD and GC-ECD. Alachlor, diazinon, malathion, parathion, fenthion, and ethyl-azinphos were analyzed by GC-NPD. Endosulfan, dicofol, lindane and tetradifon were analyzed by GC-ECD. Figure 5 shows the chromatograms obtained from spiked blood samples. Pesticide mixture 1 elution order in the GC-NPD chromatogram was diazinon (1), fenthion (2), alachlor (3), malathion (4), parathion (5), and ethyl-azinphos (6) . Pesticide mixture 2 elution order in the GC-ECD chromatogram was lindane (1), o-p′-dicofol (2), p-p′-dicofol (3), endosulfan I (3), endosulfan II (4), and tetradifon (5) . Endosulfan concentrations are expressed as the sum of the results for isomers I and II.
The presence of the pesticides was confirmed by GC-MS analysis in the EI mode with a scan range from 40 to 800 m/z under full-scan conditions. The main fragments obtained and their relative abundances are shown in Table 6 . These data are in good agreement with the different diagnostic ions reported for these compounds (14) . The chromatograms show that when the new method is applied, a high number of coextractants are eliminated without losing the pesticide of interest (lindane) and the internal standard added (perthane). The internal standard chosen (perthane) did not overlap with any of the peaks produced by substances naturally present in blood. Figure 3 shows the blood NPD chromatogram obtained in a case of malathion (4) poisoning, and an ECD chromatogram of a blood sample that contained endosulfan (4 and 5 for isomers I and II, respectively). Both samples were extracted with an SPE C 18 cartridge. In both cases, the chromatogram was clean with a good recovery of the internal standards (TPP and perthane, respectively) and of the pesticides (malathion and endosulfan) detected in each case. 
Application to Actual Forensic Samples
